Trauma is the leading non-obstetric cause of maternal death. Optimal management of the pregnant trauma patient requires a multidisciplinary approach. The anaesthetist and critical care physician play a pivotal role in the entire continuum of fetomaternal care, from initial assessment, resuscitation and intraoperative management, to postoperative care that often involves critical care support and patient transfer. Primary goals are aggressive resuscitation of the mother and maintenance of uteroplacental perfusion and fetal oxygenation by the avoidance of hypoxia, hypotension, hypocapnia, acidosis and hypothermia. Recognizing and understanding the mechanisms of injury, the factors that may predict fetal outcome, and the pathophysiological changes that can result from trauma, will allow early identification and treatment of fetomaternal injury. This in turn should improve morbidity and mortality. A framework for the acute care of the pregnant trauma patient is presented.
Trauma is a significant cause of morbidity and mortality in women of childbearing age. Injury during pregnancy occurs in up to 8% of pregnant women 1, 2, 3, 4 and is the most frequent cause of nonobstetric maternal and/or fetal mortality. Optimal management is dependent on an immediate team approach involving the emergency physician, anaesthetist, critical care physician, trauma surgeon, obstetrician, radiologist and neonatologist, in addition to specialized obstetric and trauma nursing staff. The anaesthetist and critical care physician play a pivotal role in the entire continuum of fetomaternal care. This ranges from initial assessment, resuscitation and intraoperative management to postoperative care that often involves critical care support and patient transfer.
Management is complicated because two lives are at risk and patterns of injury are unique, while clinical assessment can be complicated by the distinctive anatomical and physiological changes of pregnancy. Clinical features may also be unreliable in the presence of an altered response to injury. The anatomical and physiological demands of pregnancy, mechanisms of injury unique to pregnancy and maternal factors that may predict fetal outcome are discussed. An approach to the management of the pregnant trauma patient is presented.
ANATOMICAL AND PHYSIOLOGICAL CHANGES OF PREGNANCY
Anatomical and physiological changes observed during pregnancy influence patterns of injury, the pathophysiological responses of the patient to the injury, the assessment of the severity of the trauma, and the management of the patient. These changes are summarized in Table 1 and described in more detail below.
CARDIOVASCULAR SYSTEM
To meet the demands of the growing fetus and to prepare for the processes of labour and delivery, many changes occur. By the end of the first trimester the plasma volume increases by 40 to 50% 5 , with a smaller increase in red cell mass. This results in a relative anaemia of pregnancy that can mimic haemorrhage in the trauma patient. These changes protect against the normal blood loss of childbirth and may compensate for mild blood loss seen in maternal trauma.
In the pregnant patient, the assessment of blood loss is further complicated by naturally occurring decreases in peripheral and pulmonary vascular resis-tance, a decrease in blood pressure of 15 to 20% with the nadir at 28 weeks 6 , and an increase in cardiac output of up to 40% 7, 8 . These factors all mask signs of hypovolaemia. Importantly, blood loss of up to 2000 ml may not be immediately clinically apparent in a gravid patient 9 .
Aortocaval compression by the gravid uterus can lead to a reduction in effective cardiac output by up to 25% when the patient is in the supine position 10, 11 . Uterine displacement is therefore mandatory during resuscitation, transport and perioperative care after 20 weeks gestation. Uterine blood flow increases 1000% during pregnancy 12 . The uterine circulation is normally maximally vasodilated in late pregnancy, and uterine perfusion is linearly related to maternal systemic arterial pressure 13 .
RESPIRATORY SYSTEM
Numerous changes in the respiratory system have important implications for management of the pregnant trauma patient. The pregnant patient has a 20% increase in oxygen consumption at rest at term 14 . The gravid uterus elevates the diaphragm approximately five centimetres. This enlarges the diameter and decreases the vertical height of the chest. Functional residual capacity (FRC) reduces by 20% at term, which, together with a tendency for small airway collapse and ventilation-perfusion mismatching, results in a reduced oxygen reserve. These factors predispose obstetric patients to early and rapid oxygen desaturation 15 . Increased tidal volume and respiratory rate, and hence increased minute ventilation, decrease the arterial carbon dioxide tension (P a CO 2 ), which resets at 27 to 32 mmHg. However, increased renal excretion of bicarbonate ions limits respiratory alkalosis 16 . In anaesthetic practice, increased ventilation increases the rate of uptake of inhaled anaesthetic agents. Furthermore, reduced FRC and increased ventilation will lead to more rapid pre-oxygenation.
HAEMATOLOGICAL SYSTEM
Clotting factors and plasma proteins increase during pregnancy. Blood becomes hypercoagulable, increasing the risk of thromboembolism. Serum fibrinogen, factors VII, VIII, IX and X are all increased, while prothrombin, APTT and bleeding times remain normal. In the presence of trauma, a normal fibrinogen level can consequently signify coagulopathy. The activity of plasminogen activator is decreased and plasminogen inhibitor increased, which results in delayed fibrinolysis 17 . Placental laceration or abruption produced by trauma may lead to disseminated intravascular coagulation and hypofibrinoginaemia.
OTHER CHANGES
Gastrointestinal motility is decreased during pregnancy. This increases the risk of gastro-oesophageal reflux and aspiration of gastric contents. Endocrine changes may also affect the handling of glucose and result in a diabetogenic state. Glucose and electrolyte imbalances need to be monitored in the pregnant trauma patient. Immune system changes of pregnancy may increase the susceptibility to infection.
MECHANISMS OF INJURY UNIQUE TO PREGNANCY
In developed countries, the principal cause of maternal and associated perinatal death from trauma is road traffic collisions. This is followed by falls, direct assaults to the abdomen and penetrating injuries 18, 19, 20 . In Australia between 1964 and 1993, seventy pregnant women were killed as a result of traffic injuries 21 . Failure to wear a seat belt, or excessive blood levels of drugs or alcohol in the driver may have been contributing factors towards maternal death. Proper use of seatbelts may be the best predictor of maternal and fetal outcome in cases of vehicular trauma 22 . Incorrect seat belt use can contribute to intrauterine injury and fetal death 23 . Compared with restrained pregnant women involved in collisions, unrestrained pregnant women are twice as likely to have excessive maternal haemorrhage and 2.8 times more likely to experience a fetal death 24 . They are also likely to give birth within 48 hours of the collision 25 . Regarding deployment of airbags, there seems to be no increase in pregnancy-specific risks such as abruptio placentae, preterm labour, fetal distress, fetal injury or complicated delivery 26 .
The risk of perinatal mortality among pregnant patients who sustain trauma depends on the severity of trauma and the mechanism of injury. During the first trimester, the fetus is protected from external forces by the bony pelvis, the fluid-filled amniotic sac and the surrounding soft tissues. During the second and third trimester, trauma has more severe consequences for the fetus. This is especially so in the third trimester, when there is some physiological reduction in amniotic fluid volume and the majority of the fetus lies above the protective confines of the bony pelvis. Once the fetal head engages and becomes fixed in the pelvis, the fetus is particularly vulnerable to acceleration-deceleration injuries. In lower abdominal and pelvic trauma, the fetal head may be directly compressed between the striking object and maternal sacral promontory. Fetal injury can also result either from direct trauma, such as organ rupture, cervical spine or skull fractures, intracerebral haemorrhage and cord rupture, or via indirect mechanisms such as uterine rupture, placental abruption, fetomaternal haemorrhage and preterm labour [27] [28] [29] [30] [31] . Nevertheless, the most common complication from blunt trauma is placental abruption.
Following blunt trauma, the pregnant patient has a different pattern of abdominal injury compared to her non-pregnant counterpart. Besides the risk of uterine trauma, splenic, hepatic, retroperitoneal injuries and haematomas are more common, probably due to their increased vascularity and the changes in the transmission of force due to the gravid uterus 32 . The bowel, however, is well protected and injury is less common among pregnant women.
PREDICTORS OF FETAL MORTALITY
The primary factor determining fetal mortality is the extent of trauma sustained by the mother. The literature suggests that poor fetal outcome is significantly associated with maternal death, maternal injury severity scores, maternal acidosis, hypoxia, shock and uteroplacental fetal injury [33] [34] [35] [36] [37] [38] [39] [40] . The most common cause of fetal death is maternal death. Nevertheless, significant fetal injury as well as fetal death can occur even after seemingly minor maternal injury 27, 41, 42 . Maternal physiological variables such as haemoglobin level, haematocrit, oxygen saturation and maternal heart rate are not useful predictors of fetal outcome following trauma in pregnancy.
APPROACH TO THE PREGNANT TRAUMA PATIENT
Pregnant trauma patients should preferably be managed in a specialized trauma centre with links to an obstetric service. Optimal management is multidisciplinary. Emergency physicians should be assisted by anaesthetists, trauma surgeons, obstetricians, radiologists and neonatologists where required. It is crucial that initial assessment and resuscitation be focused on the mother. The emotion associated with an injured pregnant woman must not distract the medical team from the primary task of resuscitation and the identification of life-threatening injuries. Only when the mother is physiologically stabilized should attention focus on fetal assessment and appropriate diagnostic modalities. Patients should not be transferred to a labour ward or obstetric unit where staff may have little experience in managing trauma patients.
Many pregnant trauma patients, particularly those sustaining minor injury (e.g. fall down a stair sustaining an ankle fracture), will present to their nearest emergency department. It is important to appreciate that even minor maternal injury can be associated with significant fetal injury. An obstetrician and/or neonatologist should always be consulted if the patient is in the third trimester, irrespective of the injury sustained.
Assessment of Maternal and Fetal Well-being
Assessment and management of the mother and fetus should be systematic. Various authoritative algorithms and guidelines to evaluate maternal and fetal well-being after trauma have been published 32, 43, 44, 45 . These take into account the mother's condition, the status of the fetus, and diagnostic imaging modalities such as abdominal ultrasound. As well as facilitating the management of the haemodynamically unstable patient, algorithms must reinforce the need for appropriate monitoring even after seemingly minor maternal injury. A management protocol is presented in Figure 1 . In the setting of major trauma, identification and treatment of life-threatening injuries is the first priority. Operative intervention may be required immediately to achieve haemodynamic control, e.g. laparotomy for penetrating abdominal injury or thoracotomy for chest trauma. The detection of intraperitoneal fluid using ultrasound may also prompt urgent surgical intervention in the setting of unstable haemodynamics. Only when physiological stabilization of the mother is achieved, or if the mother initially presents only with minor injury, should a complete secondary survey including abdominal ultrasound (if not already indicated) and cardiotocographic (CTG) monitoring be undertaken. Subsequent management at this point should be centred on clinical signs, the abdominal ultrasound examination and the presence of fetal distress ( Figure  1 ). If the ultrasound is negative for intraperitoneal fluid and there is no fetal distress, CTG monitoring should be continued for at least four hours prior to a decision for discharge. Patients who sustain minor or trivial injuries with normal clinical findings and a normal CTG and ultrasound examination, may be discharged after four hours 46, 47 . Specific instruction upon discharge regarding preterm labour, vaginal bleeding and abdominal pain is mandatory. If the ultrasound examination is positive for intraperitoneal fluid and there is haemodynamic instability and/or peritoneal irritation on abdominal examination, explorative laparotomy is required to further delineate and treat any intra-abdominal injury. However, if the ultrasound examination is positive for peritoneal fluid in the absence of peritonism, and the patient is haemodynamically stable, an abdominal CT scan is indicated. This will help differentiate between abdominal pathology requiring operative intervention or whether conservative management can be continued. Monitoring should always be initiated in the emergency department and continued throughout the acute period. Intraoperative fetal heart rate and cardiotocographic monitoring should also be used if technically feasible. 43, 45 ].
IS THE MOTHER PHYSIOLOGICALLY UNSTABLE?

IS THE MOTHER PHYSIOLOGICALLY STABLE?
OR HAS THERE BEEN ONLY A MINOR MATERNAL INJURY?
A systematic approach to the initial evaluation and resuscitation of the trauma patient is advocated by the American College of Surgeons in Advanced Trauma Life Support (ATLS) 48 . Management is more complicated in the pregnant patient, although the principles of initial assessment and evaluation remain unchanged. These are summarized in Figure 2 . The best maternal and fetal outcomes are achieved by maternal resuscitation pending definitive treatment of any surgical pathology. This requires correction of physiological disturbances, prevention of further injury, and a multi-disciplinary approach.
Primary Survey Airway, oxygenation, ventilation
A patent airway should be assured and the cervical spine immobilized where appropriate. Supplemental oxygen should be administered to all trauma patients 48 , and maternal hypoxia must be prevented, as it is an indicator of poor fetal outcome. The theoretical risk of maternal hyperoxia causing vasoconstriction in the compromised feto-placental unit should not negate the administering of a high concentration of inspired oxygen. Increasing maternal arterial oxygen tension (P a O 2 ) will increase fetal P a O 2 in a linear fashion because of the high affinity of fetal haemoglobin for oxygen. This may significantly increase umbilical oxygen content 13, 49 and be of benefit to the fetus.
Patients with airway compromise, respiratory distress or impaired level of consciousness are likely to require intubation to optimize oxygenation and prevent aspiration. The incidence of failed intubation in the obstetric population is up to eight times the rate encountered in surgical patients 50 . Adjuncts for difficult airway management should be immediately available, and awake fibreoptic intubation should be considered when there is known or suspected difficult intubation, morbid obesity or facial or cervical spine injury 51 . Pre-oxygenation and cricoid pressure are strongly indicated for induction of anaesthesia in the injured pregnant patient. Nasotracheal tubes should be used cautiously in view of upper airway engorgement and increased tissue vascularity. Endotracheal tube position should be confirmed by auscultation and capnography. End-tidal capnography and arterial blood gas measurement should guide ventilation in order to maintain P a CO 2 between 27 and 32 mmHg. Application of positive end expiratory pressure (PEEP) may improve maternal and fetal oxygenation, but should be used cautiously in the presence of head injury and raised intracranial pressure.
Cardiovascular Resuscitation a) General measures
The aims of haemodynamic support are to control haemorrhage and resuscitate the mother. It may be impossible to control haemorrhage without surgical intervention. Maternal shock is associated with a high degree of fetal mortality 18, 52 . Manual displacement of the uterus, 30-degree tilt of the spinal board if the patient is fully immobilized or a wedge under the right hip will help to prevent aortocaval compression.
b) Timing and volume of fluid administration
Estimating blood loss in the obstetric population is difficult for reasons outlined above, but particularly because of the marked increase in maternal plasma volume. Traditional Advanced Trauma Life Support (ATLS) management has been the insertion of at least two large bore intravenous cannulae, and rapid administration of one to two litres of isotonic crystalloid (typically Ringer's Lactate), with further fluid administration according to clinical response. Aggressive fluid resuscitation has been advocated in the injured pregnant patient to optimize uteroplacental perfusion 53 .
The rapid and early administration of large volumes of crystalloid to the general trauma population has recently been questioned. Response to the initial administration of crystalloid will help to assess haemodynamic state, but continued aggressive fluid administration to patients still actively bleeding may interfere with clot formation and increase blood loss leading to accelerated hypothermia, acidosis and coagulopathy 54 . This is borne out in animal models in which resuscitation of haemorrhage with large volumes of fluid are associated with increased bleeding and mortality 55, 56 . Delayed fluid administration until operative intervention may improve survival among hypotensive patients with penetrating torso injury 57 . A systematic review that included five additional randomized trials found no evidence to support the use of early or larger volume fluid administration in haemorrhagic trauma 58 , although three of the contributory trials excluded pregnant patients. In one of these studies, hypotensive resuscitation during active haemorrhage did not adversely affect in-hospital mortality 59. Haemorrhagic trauma obviously does not represent homogenous pathology. Limited initial resuscitation may be appropriate for certain types of injury in which low haemodynamic pressure may facilitate haemostasis, e.g. penetrating thoraco-abdominal vascular injury that is amenable to surgical haemostasis. Overall, however, there is no evidence that early rapid administration of fluid to the pregnant trauma patient adversely affects outcome. Aggressive fluid resuscitation in the pregnant trauma patient may therefore prevent haemodynamic decompensation in the presence of occult haemorrhage and preserve feto-placental perfusion. The immediate goals of resuscitation prior to operative haemostasis should include the normalization of vital signs and preservation of adequate urine output.
c) Type of fluid administration
Ringer's Lactate is the resuscitation crystalloid advocated in the ATLS guidelines.
Large volume resuscitation with this solution in an animal model of massive haemorrhage produces significantly less acidosis and improved survival compared with normal saline 60 , and is associated with less maternal and fetal hyperchloraemic acidosis during maternal haemorrhage 61 . Crystalloids should remain the initial resuscitation fluid of choice in the pregnant trauma patient. Albumin does not confer greater advantages than normal saline in fluid resuscitation of patients in intensive care units 62 . Hypertonic saline has also not been shown to improve survival in trauma patients 63, 64 .
Blood transfusion correlates poorly with improvement in oxygen consumption and is associated with transmission of infection and immunosuppression 65 . Restrictive transfusion practice, using a transfusion threshold of 70 g/dl rather than 100 g/dl, is associated with improved in-hospital mortality among nonpregnant euvolaemic critically ill patients 66 . In animal models of acute isovolaemic anaemia, where the haematocrit is decreased from 31% to 15%, fetal oxygen consumption is largely maintained by increased maternal oxygen extraction 67 . Application of these findings to potentially hypovolaemic, hypotensive and hypoxic mothers is probably of limited benefit, and a transfusion threshold for the injured pregnant patient is probably not a useful concept. A decision to transfuse should take into consideration degree of haemodynamic instability, control of haemorrhage, haemoglobin concentration and oxygenation, in addition to surrogate measures of tissue oxygen delivery such as base deficit, lactate levels and urine output.
d) Further management
The need for operative intervention to achieve haemostasis will be guided by clinical signs, including haemodynamic instability and peritonism, with or without supportive radiological findings. Additional haemodynamic support may be indicated in the unstable patient when haemorrhage has been controlled or excluded. Alternative diagnoses such as neurogenic shock or amniotic fluid embolism may need to be considered. Ephedrine, an alpha-and beta-adrenergic agonist, is well established in obstetric anaesthesia, though it is associated with greater fetal acidosis when compared with phenylephrine or metaraminol during caesarean section 68, 69 . Haemodynamic changes are more complicated in trauma. Trauma patients may have a significant degree of myocardial impairment 70, 71 . Furthermore, catecholamines can impair uterine blood flow and fetal oxygenation 72 . Cardiac output monitoring using relatively portable techniques, such as trans-oesophageal Doppler or pulse contour analysis, will be helpful in guiding inotropic support in prolonged pre-critical care resuscitation.
e) Other measures
Level of consciousness should be assessed, as well as signs of focal neurological injury. The patient should be completely exposed to allow assessment of extent of other injuries. Capnography, central venous pressure, urine output and temperature are important complementary monitoring tools. Hypothermia may exacerbate coagulopathy and impair oxygen delivery to mother and fetus and should be corrected by the use of warm fluids and warm air convection devices. Naso/orogastric tubes should be inserted in the ventilated patient. Thoracostomy drains may need to be inserted one to two interspaces higher than normal because of the decreased vertical height of the chest 46 .
Analgesics and sedatives may reduce the stress response to trauma.
Secondary Survey
The secondary survey is commenced after lifethreatening injuries have been identified and treated, when resuscitative efforts are well established and when the mother is demonstrating normalization of vital functions 48 . The trauma patient must be constantly re-evaluated to ensure that previously noted findings do not deteriorate and haemodynamic parameters remain normal. The secondary survey should follow the same pattern as in the non-trauma patient. It includes a complete history, head-to-toe assessment and obstetric and fetal evaluation.
Obstetric evaluation should assess for abdominal tenderness, uterine tone, uterine contractions and tenderness. The pelvic evaluation should include a sterile speculum examination looking for vaginal bleeding and amniotic fluid. The fetal evaluation should assess for gestational age, fetal heart sounds and fetal lie. Gestational age can be determined from the last menstrual period, antenatal records and fetal ultrasound. An immediate rough estimate of viability can be made if the fundus of the uterus extends 3 to 4 cm above the umbilicus 46 . The fundal height, measured in centimetres drawn by a vertical midline from the symphysis pubis, will correlate roughly with gestational age. Fetal heart tones can be detected by auscultation or a Doppler probe. Laboratory investigations and further relevant radiological investigations pertinent to the sites of suspected injury should be obtained during the secondary survey.
Cardiotocographic monitoring should be initiated in all patients with a viable fetus. Depending on the level of neonatal care available, the fetus is generally considered viable at 26 weeks gestation, where it has a 50% chance of extrauterine survival 43 . However, more recent figures at the Royal Women's Hospital in Melbourne show an 88% survival at 25 weeks gestation and a 40% survival at 23 weeks gestation. Ideally, a neonatologist should be involved in the assessment of fetal viability.
Radiological Investigations
Radiological investigations should not be withheld because of pregnancy. Risk of harmful effects to the fetus from radiation exposure is relatively low. The dose of radiation in diagnostic radiology is traditionally measured in rad or rem, where one rad equals one rem. Dose-related adverse effects are uncommon below five rad, with 12 to 20 rad commonly recognized as the threshold dose for teratogenesis 73 . The degree of fetal risk depends on the radiation dose and the gestational age of the fetus. Other factors, such as depth of the fetus, energy of the X-ray beam, the size of the patient and the skin surface exposure of the mother are also contributing factors. Dose-related effects between two and four weeks gestation are lethal and generally all-or-nothing. If the embryo survives, other malformations are absent. Between four and ten weeks gestation (organogenesis), gross malformation, growth retardation and microcephaly can result from significant exposure. Between 10 and 17 weeks gestation (neurological development), significant radiation exposure can result in mental retardation, low IQ, microcephaly and sterility. After 17 weeks gestation, dose-related effects are rare 74 . Estimated fetal dosages in rad for common radiographic studies are as follows: cervical spine (3 views) -0.0001, CXR -0.00007, CT head -0.05, extremity -0.001, CT abdomen -2.6 to 9, abdomen (2 views)-0.245, pelvis-0.17175. Shielding the uterus with a lead apron should minimize fetal irradiation. If the estimated single or cumulative dose exposures are greater than five rad, the radiologist should calculate the dose and document it in the patient records.
Abdominal ultrasound is becoming an invaluable tool in the evaluation of pregnant trauma patients. The focused abdominal ultrasound of trauma (FAST) examination has become routine in many trauma centres. Its use in the pregnant trauma patient may have tremendous impact on the timely identification of acute intraperitoneal injuries and on the evaluation of fetal viability 44, 76 . It is rapid, safe, involves no radiation exposure, provides real time images of fetal heart motion, and can evaluate both mother and fetus 73 . It is employed to detect maternal and fetal injuries, to confirm gestational age and assess fetal viability and can be used to identify placental injury. The sensitivity and specificity of ultrasound, even in the third trimester, has been shown to be equal to that in non-pregnant blunt trauma patients 45 . Sensitivities over 90% for free intraperitoneal fluid after blunt abdominal trauma have been reported 77 . Patients without intraperitoneal fluid on ultrasound are at low risk for an intra-abdominal injury requiring operative intervention 45 . Ultrasound may however, fail to identify intra-abdominal injury without haemoperitoneum, small amounts of intraperitoneal fluid, isolated retroperitoneal injuries, or organ specific injury 78, 79 . Conversely, small amounts of intraperitoneal fluid may be found even in the absence of intra-abdominal injury. Clinicians must remain aware of these limitations. If the ultrasound examination is positive for peritoneal fluid in the absence of peritonism, and the patient is haemodynamically stable, an abdominal CT scan is probably indicated prior to consideration of operative intervention. CT scanning offers detailed knowledge of intra-abdominal and retroperitoneal injury. It is more sensitive than ultrasound for the detection of haemoperitoneum and is able to characterize solid organ injuries. It should be used for the same indications as the non-pregnant patient.
Pregnancy-related Complications of Trauma
As part of the secondary survey, particular attention should focus on the identification of specific pregnancy-related complications that are traumarelated. These include placental abruption, uterine rupture, premature labour, premature rupture of membranes, fetomaternal haemorrhage and fetal distress.
Placental abruption occurs in 1 to 5% of pregnant women with minor injuries and in 6 to 35% of those sustaining major injuries 12, 18, 41, 80 . Maternal mortality is less than 1%, but fetal mortality is between 20 and 30%. Signs of placental abruption include uterine tenderness, vaginal bleeding, uterine tetany and irritability. Hypofibrinoginaemia and disseminated intravascular coagulation may develop. Bleeding from the site of abruption can lead to haemorrhagic shock. Abruption can result from direct trauma to the uterus, but may also occur in the absence of obvious maternal injury 47 . Cardiotocographic abnormalities are more accurate than ultrasound in confirming the diagnosis 75, 81 . Fetal distress is associated with abruption 60% of the time and requires immediate intervention. If the fetus is viable and not in distress, vaginal delivery may be possible. If the fetus is dead and the mother stable, vaginal delivery is preferable in order to avoid the complications of caesarean section.
Uterine rupture occurs in about 1% of pregnant patients who suffer blunt trauma. It is usually associated with maternal pelvic fracture 82, 83 . Clinical signs include abdominal pain, rebound and guarding and referred shoulder tip pain. There is often associated hypovolaemic shock. Absent fetal heart sounds, easily palpated fetal parts, small symphyseal-fundal height measurement and an oblique/transverse fetal lie suggest this diagnosis. Ultrasound may assist in confirming the diagnosis, with evidence of extrusion of the uterine contents into the abdominal cavity and free fluid in the pelvis and paracolic gutters, although a retroperitoneal uterine tear may still be missed. Confirmation of the diagnosis and management involves laparotomy. Small tears are treated by debridement and repair, larger tears by debridement and layered closure as per classical caesarean incision, or by complete or subtotal hysterectomy when the uterus is considered damaged beyond safe repair. Blood loss must be rapidly controlled and may require uterine artery and internal iliac artery ligation to allow complete inspection of the damage in order to determine whether to repair or remove the uterus.
Uterine contractions are the most common problem associated with trauma. Release of prostaglandins by the damaged myometrial and decidual cells may precipitate premature labour. Progression to labour depends on the degree of uterine damage, the amount of prostaglandin release and the gestational age. Seventy per cent of threatened preterm labour settles spontaneously. Premature labour is diagnosed by regular uterine contractions with associated effacement and dilation of the cervix. Assessment as to whether labour should be suppressed or allowed to progress needs to be made when uterine activity is the main presenting complaint. Absolute contraindications for suppression of labour include maternal/fetal complications necessitating immediate delivery (e.g. abruptio placentae), maternal complications necessitating immediate delivery (e.g. severe pre-eclampsia, haemodynamic instability), and a stable mother whose gestation is more than 36 weeks or less than 20 weeks. When considering suppression of labour for reasons of transfer of the patient to a tertiary level unit, or to complete a course of corticosteroids to promote fetal lung maturity, although controversial, nifedipine is the tocolytic of choice [84] [85] [86] . Beta-adrenergic sympathomimetic agents and magnesium sulphate have traditionally been used to suppress labour, but data suggests that their use is not associated with improved perinatal outcome 87, 88 . They also have a high frequency of unpleasant and even fatal maternal side-effects.
Preterm rupture of the membranes (rupture of the membranes before 37 completed weeks of pregnancy in the absence of contractions) may be precipitated by trauma. If the mother is stable, more than 36 weeks gestation and there is no fetal distress present, induction of labour and vaginal delivery is reasonable. If signs of fetal distress are present, the pregnancy is viable and the mother stable, the fetus should be delivered, usually by means of caesarean section. If the fetus is non-viable and the mother is stable, termination of pregnancy should be considered.
Fetomaternal haemorrhage can occur in 8 to 30% of pregnant patients involved in trauma 19, 41 . Rhesus D (Rh D)-negative women are at particular risk of rhesus isoimmunization, resulting in haemolytic disease of the newborn. Since sensitization can occur in pregnant patients exposed to a transplacental haemorrhage of less than 0.1 ml 89 , all unsensitized Rh-negative women who suffer trauma should be offered Rh D immunoglobulin. There is no universal policy regarding the dose of Rh D immunoglobulin following trauma. In Australia, the recommended dose is 125 µg, which is sufficient to prevent immunization by a fetomaternal haemorrhage of 2.5 ml of fetal red cells (5 ml of whole blood) 90 . It should be administered by deep intramuscular injection, as soon as possible, but within 72 hours for maximal benefit. A dose given within 9 to 10 days of the sensitizing event may also provide some protection 91 . Abdominal trauma, particularly in the third trimester is likely to be associated with a fetomaternal haemorrhage of greater than 2.5 ml. The Kleihauer-Betke test, which determines the volume of fetal haemoglobin in the maternal circulation, is often undertaken routinely in the trauma setting. The test will identify women with a large fetomaternal haemorr-hage who need additional anti-D immunoglobulin. Flow cytometry is an alternative technique for the quantification and management of patients with large fetomaternal haemorrhage 92 . It is more accurate and reproducible than the Kleihauer-Betke Test, particularly in the cases where the presence of maternal haemoglobin F containing cells renders the Kleihauer technique inaccurate.
Anaesthetic Drugs: Pharmacological Considerations in the Pregnant Trauma Patient
In the hypovolaemic patient, lower than usual doses of induction agents produce adequate desired effects, probably because of reduced blood volume and an increased concentration of drug at active sites 93 . The safety of thiopentone has been well established in obstetric anaesthesia. When used at a dose of 4 to 7 mg/kg, with suxamethonium, it provides a smooth induction with minimal effects on fetal wellbeing 5 . As thiopentone does produce hypotension, significantly lower doses (0.3 to 1 mg/kg) may be more appropriate in the haemodynamically compromised trauma patient 93 . Propofol offers little advantage over thiopentone as an induction agent; it causes greater hypotension in healthy, euvolaemic women undergoing caesarean section, and lower initial Apgar scores 94 .
Ketamine has been used in obstetric anaesthesia in the presence of hypovolaemia. It rapidly crosses the placenta, but tends not to produce neonatal depression in maternal doses of less than 1 to 1.5 mg/kg 5 . It may therefore be a useful alternative induction agent to thiopentone in the hypotensive traumatized pregnant patient. Ketamine also provides useful analgesia 95 . However, ketamine has traditionally been contraindicated in the head-injured patient because of the associated increase in intracranial pressure 96 .
Neuromuscular blocking agents, both depolarizing and non-depolarizing, are thought not to cross the placenta in clinically relevant concentrations 5 . Suxamethonium is well established as the relaxant of choice in rapid sequence induction because of its short onset, predictable block and short duration. However, suxamethonium has several contraindications. Of particular note, suxamethonium should not be administered after an interval of over 24 hours following a spinal cord injury or a significant burn because of the risk of hyperkalaemia and potential cardiac arrest. Rocuronium, a rapid onset aminosteroid non-depolarizing neuromuscular blocking drug, has been investigated as an alternative to suxamethonium for elective caesarean section. Using a dose of rocuronium 0.6 mg/kg, a greater dose of thiopentone is needed (6 mg/kg rather than 4 mg/kg), and intubation time will need to be delayed to between 80 and 90 seconds 97 . Rocuronium administered at a dose of 1.0 mg/kg rather than 0.6 mg/kg will decrease the time to intubation to 60 seconds. This dose will result in 50 to 60 minutes of muscle paralysis 98 . Use of ketamine 1.5 mg/kg, rather than thiopentone 4 mg/kg, has been shown to improve intubation conditions achieved with rocuronium 0.6 mg/kg 99 . Ketamine-rocuronium for rapid sequence induction may therefore offer alternative induction and relaxation when suxamethonium is contraindicated. However, the increased risk of difficult intubation among pregnant trauma patients, together with critical oxygenation and risk of regurgitation and aspiration, means that this combination should be used with caution in this situation. Fibreoptic intubation may offer a sensible alternative.
Benzodiazepines are rarely used as induction agents in anaesthesia. In healthy mothers undergoing elective caesarean section, midazolam (0.2 mg/kg) is associated with similar haemodynamic responses to thiopentone 3.5 mg/kg, but a significant incidence of severe neonatal depression 100 . Judicious use of benzodiazepines may be suitable for anxiolysis to facilitate fibreoptic intubation.
Nitrous oxide carries a risk of expanding the size of occult or untreated pneumothorax, and is also associated with increased intracranial pressure. As a result, it is probably better avoided in major trauma. If fetal distress or maternal hypoxia is suspected, 75% oxygen or higher is a more appropriate option. General anaesthesia is usually maintained at 1 to 2 MAC with any potent volatile inhalation agent. Once the umbilical cord is clamped, anaesthesia can be deepened with an opioid or benzodiazepine. High dose volatile agents decrease uterine contractility and may contribute to uterine bleeding. However, the uterus will still contract in response to an oxytocic agent, provided less than 0.8 to 1.0 MAC of volatile agent is used 5 .
Cardiopulmonary Arrest
In the event of a cardiopulmonary arrest, management should continue according to advanced life support guidelines. Cardiopulmonary resuscitation (CPR) on a pregnant patient may be less effective because of aortacaval compression, abnormal chest wall compliance and mechanical factors limiting effective external cardiac massage. Manoeuvres such a lateral tilt and manual lateral displacement of the uterus should be applied. If the fetus is less than 24 weeks gestation, CPR is generally unchanged from the non-pregnant state. If greater than 24 weeks gestation with a viable fetus, and there is no response to CPR within three minutes, anterior thoracotomy with open chest cardiac massage should be considered if facilities allow 12, 101 . Perimortem caesarean section should be performed within five minutes to optimize fetal outcome. The abdomen should not be prepared or draped. A midline incision from the epigastrium extending distally to the symphysis pubis should be quickly performed, penetrating all abdominal layers. On exposure of the uterus, a vertical midline incision (classical) is made anteriorly from the fundus to the bladder. Time should not be wasted gathering retractors and clamps; assistants can manually retract the abdomen. If the placenta is anterior, it should be incised to reach the fetus. The fetus is gently delivered through the incision. Maternal CPR should be continued, as delivery of the fetus may improve venous return and so increase the success of CPR 102 . The cord should be clamped and cut, and attention should immediately focus on the neonate to ascertain if resuscitation is indicated. Infants born within five minutes have an excellent chance of minimal neurological injury, but the longer the delay, the worse the prognosis 103, 104 .
CONCLUSION
The anaesthetist and critical care physician function as crucial members of the multidisciplinary team managing the pregnant trauma patient. Primary goals are aggressive resuscitation of the mother and maintenance of uteroplacental perfusion and fetal oxygenation by the avoidance of hypoxia, hypotension, hypocarbia, acidois and hypothermia. Recognizing and understanding the mechanisms of injury, factors that may predict fetal outcome and the pathophysiological changes that may result from trauma will allow early identification and treatment of fetomaternal injury. This in turn will improve morbidity and mortality.
